Introduction
The last few years of the twentieth century have seen some revolutionary technology developments led with the advent of Internet. The enormous potential of these information technologies (IT) in terms of cost, speed and reach has attracted business communities. Companies, both established and new, have adopted the Internet-based channel to conduct some business activities. The application of IT is not only useful for transaction with end users but has some fundamental advantages for transactions between businesses. The latter, widely known as business-to-business (B2B), has superior advantages to offer over the traditional market space.
Currently there are thousands of B2B marketplaces providing various services depending upon their business goals, some of which are offering overlapping services in the same industry. When it comes to B2B, researchers and business community have focused more on procurement function, which usually takes place between buyers and sellers. While there is no doubt that procurement is one of the most important functions for any business-to-business transaction, it is also important to note that the transaction relies upon myriad number of functions and involves various channels.
The rise of the Internet has made it possible to virtually integrate various channel members and functions of a supply chain. All participants can transfer the information in real time with least transaction cost and global reach by using the Internet as the main medium. While the need of the supply chain integration has been recognized there was not a single supportive technology that could cope with the varying demands of the channels for smooth flows of information and physical goods. B2B e-hub is the concept to fulfill the need of end-to-end information flow (McKelvie and Simmonds, 2001) .
B2B e-hubs are also known as exchanges and marketplaces, and the name signifies the potential that has been hidden underneath the concept. There are various e-hubs for different industries and various functions, providing unique and overlapping features.
The industrial e-hubs basically facilitate buying and selling processes, whereas functional e-hubs provide exchange information on transportation, logistics or selling facilities.
There have been speculation and theories about how these e-hubs will develop and groom. In this paper, we examine two categories of e-hubs and their offerings along with various academic and industrial forecasts and studies to understand the trend. In addition, we attempt to explore the limitations present in the existing e-hubs so that we will be able to identify the offer portfolio of e-hubs that can provide the ultimate value to the business community. We conclude that the next generation e-hubs will act as a control center so that at functional level, supply chain partners will be able to integrate their own operations with other functions, and at channel level all transactions are managed, monitored, and executed in real time by all trading partners.
The remainder of the paper is divided into four sections. Section 2 reviews two streams of literature with one focusing on the development of supply chain integration and the other describing the evolution and types of B2B e-hubs. In Section 3, we study two groups of functional e-hubs: procurement and transportation, by looking at representative cases in detail. In Section 4, we perform a value-gap analysis from two 
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perspectives to identify the limitations of e-hubs. The findings will lead to an integrated model of e-hubs and supply chain management, which provides an efficient information integration framework. Concluding remarks are given in Section 5.
Literature review

Supply chain integration: a functional perspective
The term supply chain management (SCM) first emerged in the literature in 1982 and has gained prominence in the past ten years (Cooper et al., 1997) . Although its widespread popularity leads to numerous kinds of definitions by different industries and academics, there seems to be a convergence towards the central theme of SCM. The theme suggests that SCM is an integrative philosophy of managing flows of material, information, and finance from the earliest supplier of raw materials to the ultimate customer. Specifically, SCM is a process-oriented, integrated approach to procuring, producing, and delivering products and services to customers and has a broad scope that includes sub-suppliers, suppliers, internal operations, trade customers, retail customers, and end users (Metz, 1998) . As described by Metz (1998) , SCM evolves from its origin to current status through a four-phase development process, which is depicted in Figure 1 . Figure 1 indicates that the supply chain develops by progressively integrating a number of functions (in bold) into the total process and that this steady advance is propelled and driven by the rapid development of information technology (IT). IT makes it possible to enable more information to travel more accurately and more frequently along the chains and to synchronize the activities of the chains. As a result, the trading partners can efficiently coordinate their business decisions and activities, thereby becoming integrated. Numerous success stories imply that a tightly integrated supply chain can lead to superior chain performance and improved competitiveness for each of the involved channels. Accordingly, many executives of innovative companies have adopted SCM as a top priority in their strategy.
As discussed before, the core of SCM is integration. Lee (2000) points out that supply chain integration constitutes the following three dimensions: information integration, coordination, and organizational linkage, which are described in Table I . It is easily seen that information sharing is the foundation of supply chain integration. Therefore, an important question arises: how information integration can be achieved in supply chain management? This is one of the questions we attempt to answer in this paper.
2.2 The evolution of B2B e-hubs E-hubs are defined as neutral Internet-based intermediaries that focus on specific industry verticals or specific business processes, host electronic marketplaces, and use various market-making mechanisms to mediate anyto-any transactions among businesses. These hubs create value by aggregating buyers and sellers, creating marketplace liquidity, and reducing transaction costs (Kaplan and Sawhney, 2000). In their research article, Berryman and Heck (2001) have clearly identified three phases of the evolution of e-hubs. Back in 1999, those dot-com exchanges that mushroomed on the Web represent the first generation e-hubs. During this phase, companies such as e-Steel and Paperexchange opened up their exchanges on the Web and provided a basic portal for consumers to view information and perform basic ordering activities. The authors pointed out that these allindependent start-ups failed in recognizing the role of large enterprises and their financial power in terms of their transaction volume and value.
During the second phase of B2B exchanges, essentially beginning in the year 2000, the large enterprises initiated their own exchanges by starting or strengthening their consortia with trading partners. For example, GM-Ford-Chrysler started their joint venture called Covisint. In other industries such as the forest and airline, exchanges such as ForestExpress and Aero Exchange International emerged. These exchanges began to address additional process capabilities and services in addition to procurement. Since the second wave exchanges were started by large companies, they are ineffective in incorporating the needs of small players and are not perceived to be neutral. These exchanges were focused on cutting costs and providing wide choices associated with electronic matching of buyers and sellers.
For the third phase, the authors describe and support four forms of models. The first one follows a hub-and-spoke network, in which electronic marketplace will work as a hub for sharing information among various business entities. The second is knowledge-based, where industry participants will share their knowledge, thereby making it possible to standardize the products and processes. The third one suggests that each model be used for each kind of transaction, thus providing tailored solutions for each participant. The last model is based on an e-distributor concept, in which e-hubs may work as online distributors and take title of the goods they sell. In summary, none of the e-hub models will dominate in the future and different types of hubs will coexist, providing specialized services for various needs.
E-hub types
Although e-hubs are evolving rapidly, they can be classified into six types as suggested by Hajibashi (2001) . The description of these e-hubs is given in Table II .
As a summary, the next generation B2B hubs will strive for offering integration of information for various stakeholders and integration of business functions. In what follows, we identify the functionality and limitation of existing e-hubs and discuss how next generation e-hubs can potentially foster the integration of the supply chain partners.
How can e-hubs facilitate supply chain management: case studies
In this section we concentrate on two groups of e-hubs: procurement hubs and transportation hubs by studying some of the leading examples. The functionality and service offerings of these hubs are first summarized, and then a value-gap analysis from two perspectives is performed to identify the limitations of the e-hubs.
Procurement hubs: general overview
Procurement hubs are initially emerged e-hubs. They are inter-organizational information systems through which multiple buyers and sellers interact to accomplish market-making activities for corporate purchases (Gottschalk and Abrahamsen, 2002) . In a recent article, Kaplan and Sawhney (2000) developed a framework for classifying these hubs. The authors argue that the specialty of each e-hub is best explained according to what kind of market they serve as well as how they serve the market. There are essentially two types of goods purchased by any company: operating 
E2Open.com
E2Open.com provides supply chain collaboration services and allows integration of suppliers, OEMs, contract manufacturers and distributors by using global collaboration network. Buyer or manufacturer can send their forecast in real time to suppliers. Suppliers can check the availability and production plans and report the exception if any. It also offers inventory collaboration by providing facility to sell excess inventory. There is no automated real time information transfer between buyer and seller, and the information exchange is achieved by actual physical posting on the site.
Summary
Considering the number of procurement e-hubs launched in the market, we certainly cannot see the complete picture of all e-hubs by only looking at two examples. However, the above two case studies outline the kinds of services that procurement e-hubs can offer. In general both the procurement hubs help in reducing transaction costs and search time. The easy access for the suppliers or buyers helps small companies enter into the market where they did not have place before. As a result, the choices for business transactions are greatly widened.
Current procurement e-hubs including the above two generally do not reduce the risk of online transactions. Suppliers and buyers are not reviewed and assessed thoroughly at the time when they join the procurement e-hubs. Even after they become members there is no mechanism for the participants to take the responsibility for handling complaint claims. Additionally, the performance of the suppliers and buyers is not actively evaluated. The other prospective advantage of the procurement e-hubs can be obtained if small and global players are allowed to get easy entry in the market. The entry of small suppliers could offer more cost-effective solutions to buyers. High dependency on technical infrastructure and language related issues may become hurdles for small players all around the world to enter into the market place. This represents one of the biggest challenges for the expansion of future procurement hubs.
Transportation hubs: general overview
Transportation is associated with the physical movement of goods from one place to another. By its nature, transportation is a (1) O ne-to-m any m arke tplaces P rivate excha nges in volving one buyer and severa l selle rs. C om p anies running these m arketp laces a re strong eno ugh to force th eir supp liers to do business in th is w ay (2) Aggregato r hub s Th e conte nt of several su ppliers' c atalogs fo r displa y to po tentia l buye rs are co m bin ed in these hub s (3) B roker hubs P rovide a m atch -m a king service, he lping to m a tc h buye rs and selle rs based m ostly on pro duct pric ing. Tra nsactio ns are typic ally ha ndled by e-m ail ve rsus th ro ugh an auto m ated bidding p ro cess (4) C olla bora tion hubs P rovide tools a nd environm e nts w here m a ny buye rs an d m any sellers can share info rm ation an d actua lly correspond an d collaborate a round c ertain key pieces of functiona lity (5) Tran slator hubs Sim ilar to co llab oratio n hubs but add en terprise ap plic atio n integratio n capability th at provide s true system /data in tegration to the d iffere nt an d incom patib le legac y system s at the various p artner sites (6) True e-m arketplace s O ffer un fe tte red m any-to -m a ny e-com m erce betw een bu yers and sellers. Tra ding pa rtne rs m u st ad opt techn ology standa rds w ith in and ac ross indu strie s geographically diversified and fragmented industry. Time and cost are the two most important factors differentiating the transportation service providers, and when both reduced, the value delivered to the ultimate customers can be added. Transportation exchanges undoubtedly provide great potential for cost savings (Foster, 2000; Haleblian, 2001 ). There have been efforts in the past within the industry to adopt transportation management system (TMS) software, yet the penetration of the software in the market is low. For instance, a study from the Kingsley Group Research (Bittner, 2001) reports that the TMS packages have never provided a full solution for shippers and carriers and that no critical purchase has occurred during the ERP/SCM era. The major barriers to the successful implementation of TMS packages include difficulty of integration, significant time consumption and high cost. Thus, the limited services provided by current TMS, the requirement of fast information transfer and low cost together call for an Internet-based exchange as the best suitable option for transportation function (Gilmore and Tompkins, 2000) . In fact, in order for shippers to minimize shipping costs and carriers to maximize capacity utilization, a number of transportation exchanges have been formed over the last few years (Mandrodt, 2000) . According to the estimate of Kingsley Group Research (Bittner, 2001 ), more than 100 transportation exchanges have already existed in the landscape and they are growing and expanding at a rapid pace.
Transportation hubs: two case studies
In analogous to the procurement hubs, we have also selected two examples of transportation hubs to understand their functionality and service offerings.
Transportation.com
This hub offers various transportation services under Global Transportation Management Solutions. Load matching service allows shippers and carriers to post, search and negotiate their shipping and capacity utilization requirements. While shippers can search the availability of carriers and get the quote online, there is an added functionality of negotiation available for those who are interested in negotiating rates further. Consulting service offers enhanced services in business process development and network design. Shippers can request a quote by entering their broad requirements. Depending upon a particular choice of shipping option, they can select specific carrier with a facility of reviewing and printing bill of lading. In addition, hosted software offers variety of solutions for planning, scheduling and consolidating shipments. Thus it offers carrier procurement, transportation planning, dispatch, auditing, and payment and reporting services for shippers.
Freightquote.com
This site offers enhanced modal services by focusing on inter-modal transportation needs of shippers within confined geographical territory. Shippers can select a mode of transportation and provide detailed information about their load and requirements. They can save efforts by entering repetitive information in product log. Based on the various available options they can select and confirm the deal with the carrier online. Additional facilities like electronic payments and shipment tracking saves time and efforts in shipment related tasks.
Apart from these basic facilities freightquote.com offers enhanced services beyond basic transportation service. For those shippers who are exporting goods to North American free trade association countries, detailed instructions and invoices are provided online. Claims reporting facility is provided although claims are handled directly between the shipper or consignee and the carrier and freightquote.com is not involved in the actual claims process. Shippers can also buy insurance for their shipments at the end of confirmation of their shipping order. One major function that can facilitate supply chain integration by creating visibility among various entities is to authorize restricted or complete access to various persons and organizations.
Summary
While there are not significant restrictions for joining freightquote.com as a shipper, to join as a carrier and bid for a posting frieghtquote.com needs certificate of liability, operations, authority and taxation. This helps ensure entries of only authentic and genuine carriers in to the load matching process. Carrier can view various loads posted by shippers and can bid depending upon the interest and availability. Although freightquote.com offers wide range of options for carriers, services available for carriers are limited compared to that of shippers. In fact most of the services of both the transportation e-hubs are skewed towards shippers.
Both of these hubs offer some general benefits to participant. For both carriers and shippers, transportation e-hubs widen the choices available as any shipper or carrier can enter into the market easily. Instead of orthodox tender or contract process, these e-hubs by providing easy criteria based search functions reduces the search time associated with the process. The transaction and communication substantially reduces time of processing and managing transportation needs. Depending upon the goods and trust, participants can engage in both systematic and spot deals. Carriers get good business by utilizing their unused capacity and there by optimizing their capacity utilization.
None of the transportation e-hubs that have been analyzed take the responsibility of any claims and leave that responsibility to participants. Even though they scrutinize and check validity of carriers by checking their legal documents, there have been loose entry barriers for shipper's entry. In this situation it is difficult to establish immediate trust between participants and e-hub and online transaction might be perceived risky. Even though freightquote.com provides customs and import/export instructions, it is confined to limited North American territory. Transportation.com does not provide information about customs and import/export. Both of them do not facilitate warehousing facilities either directly or indirectly. While well-established carriers do not need in-depth facilitation in warehousing, import/export or customs related issues, the small players may find the help in this area immensely helpful. To increase the number of participants and to foster variety of offers it is important that these small players get the assistance in this area. Moreover the process of transportation is very much integrated with the other organizational processes like purchasing, operations, inventory management and packaging. Furthermore, none of the transportation hubs provides integrated supply chain management solution and they consider transportation as the standalone function, which is not the case in reality. Big established businesses have their own intranet and extranet, where they have integrated their business processes and during our analysis we found that major businesses have not selected transportation e-hubs for their needs yet.
Value-gap analysis: two perspectives
In this paper we primarily attempt to examine how B2B e-hubs can facilitate supply chain integration and management. Although the above sections discuss the two subjects individually, we have seen the important role e-hubs can play in supply chain integration, especially in facilitating information integration. In order to predict the potential impact e-hubs can place on supply chain success, we want to explore the limitations of existing e-hubs. The first value-gap analysis is achieved by investigating those supply chain activities associated with the service offerings provided by e-hubs. Typical supply chain functions/activities can be displayed in Figure 2 , four of which are affected significantly by the e-hubs: purchasing, inbound and outbound transportation, inventory management, and material handling and packaging. Preceding sections have summarized the contributions of e-hubs to the integration of these activities and associated trading partners. What is shown in Figure 2 is a summary of the gaps or the services lacking in current e-hubs from the standpoint of supply chain activities.
From the other perspective, which is the capability of connecting the users and providers involved in a supply chain, current e-hubs also possess some limitations, specifically, existing e-hubs concentrate on either sell-side or buy-side trading partners, allowing only pair-wised collaboration and integration. As illustrated in Figure 3 , a number of issues arise concerning the services provided by existing e-hubs. First, the information flow is transferable only between immediate trading partners, rather than among all trading partners. This information transmission bottleneck leaves the magnitude of the famous bullwhip effect open. Second, the main benefit of using the Internet and Web based applications in terms of time saving is not exploited, as both suppliers and manufacturers need to go through various e-hubs before finalizing the deal. Thirdy, due to information transmission bottleneck, participants still need to rely on additional channel of communication. Finally, because the information moves between only immediate trading partners, redundancy occurs in information transfer along the entire supply chain.
Supply chain management and e-hubs: an integration model
To cope with the problems associated with the current e-hubs, we propose that their capability to connect all trading partners can be extended when used in conjunction with some supporting technologies like CRM, ERP, and SCM. ERP systems assist enterprises in automating and integrating corporate cross-functions (Tarn et al., 2002 the whole organization to build profitable, lasting relationships with customers, and thus presenting the trend for supply chain development (Campbell, 2002; Bose, 2002) . SCM, as discussed before, coordinates within and between various supply-chain members and aligns interdependent decision-making processes (Chandra and Kumar, 2001 ). These technologies with their existing features and functions can collectively provide the ultimate end-to-end integration. The concept of integration is achieved based upon the functionality of existing e-hubs, CRM, ERP, and SCM.
The possible integration of the key supply chain partners, such as the supplier, manufacturer, retailer and carrier is exhibited in Figure 4 . The model shows how the e-hubs can integrate the information coming from various entities and provide the composite solutions towards the functional needs of various entities. The flow of the information can be protected and customized based on the needs of individual entities. The channel members do not need to install various software packages that match the needs of different supply chains, but they can transact the information with the help of the CRM, SCM, and ERP software installed on a single e-hub. Now we will see how various channel members are integrated using this model.
Figure 3
The missing link of current e-hubs: from the perspective of supply chain trading partners Retailers upload the sales, forecasting and order related information to e-hub by using cost-effective and globally accessible Internet medium. This information is compiled on e-hub with the help of CRM and SCM software. The compiled information can be available in real time to various channel members of the chain in the customized formats. The information is guaranteed to be flawless as it is disseminated from the single source, that is, the e-hub, in real time.
Manufacturer can retrieve the sales and forecasting reports, which are represented at the geographical or retailer level. This information is useful for forecasting, procurement, production, inventory control, sales, marketing and distribution functions of a manufacturer. The timeliness and correctiveness of the information ensure that the decisions pertaining to these functions are also timely and correct. Because of this, inventory will be replenished at retailer level at right time. Thus, with respect to retailers the supply chain becomes more responsive and timely.
If the manufacturer's ERP is linked with the e-hub, then depending upon the order information received from the retailers, real time production plan can be made and uploaded with information about materials requirement. If the manufacturer follows the systematic purchasing plan then this information can be obtained at supplier level in real time. Otherwise this information will be posted for spot purchasing. During the finalization of the deal, the supplier can see whether the proper deal for the transportation is available based on the delivery time requirement. Supplier can check the availability of the carrier based on time and shipping expense. In the case where there is a systematic transaction among supplier, manufacturer and carrier, the entire process becomes easier as the deal has already been finalized and the only thing that needs to be checked is the availability. As the information from the retailer moves upward to the supplier level, it helps supplier to gather the resources in advance and makes forecasting task easier for the supplier. The information transaction in real time among various entities assures that supplier can produce and deliver the products just-in-time, which in turn ensures the reduction of excess inventory at various stages of supply chain.
Carrier not only increases capacity utilization but also receives the information about the scheduling, packaging and routing with the help of the SCM software installed on e-hub. Also, carriers who are permanent partners within a supply chain may get the information in real time about the possible load requirement.
In summary, the efforts of the various channel members in reducing time and cost associated with installing or matching various software packages, searching time for functional requirements, redundancy in disseminating the information, and excess inventory can be reduced drastically. This integration, along with the opportunities of expanding the supply chain with the aid of the Internet, makes the model a better solution to supply chain management.
Concluding remarks
Supply chain management represents an attempt to develop a unified process by which goods and services are produced for customer sale and consumption. The close collaboration of the trading partners of the supply chain with respect to their decisions and activities is the heart of this business philosophy. Achieving supply chain integration is divided into three phases: information integration, resources alignment/integration, and organizational linkages, where information integration is the foundation. Information integration requires that the information is visible, accessible, and shared in all stages of a customer transaction.
In this paper, we focus on how information integration in supply chain management can be achieved through e-hubs. We have examined two groups of e-hubs in relation to supply chain processes: procurement and transportation, along with case studies. It is identified that these e-hubs greatly facilitate the communication and collaboration among some of the key trading partners. However, the limitations of the services offered by these e-hubs do exist and are further examined through a value-gap analysis from two perspectives. As a result, a framework for integrating the existing e-hubs into ERP/SCM systems is suggested so that future e-hubs will provide better solutions to supply chain management.
